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Programs
Workshops
Simons Summer Workshop participant.
Photo: Natalia Ilina

PROGRAMS
Mathematics of Gauge Fields
October 10, 2016 – April 28, 2017
Organized by Simon Donaldson,
Kenji Fukaya and John Morgan
The Mathematics of Gauge Fields
program took place over the course
of two semesters and sought to focus
on various mathematical aspects of
gauge theory, including applications
to topology and geometry. There has
been a long-conjectured relationship,
established to physicist’s satisfaction,
between the Seiberg-Witten invariants
and the Donaldson polynomial
invariants. One goal of the program
was to clarify the present status of
various classical problems including
the state of this and related conjectures.
A series of weekly lectures, as well
as a week-long workshop of concentrated activity, helped bring together
experts in the field to focus on such
topics as Khovanov homology and
the relation between Instanton-Floer
and Seiberg-Witten Floer theories,
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and their connections with symplectic
Floer theories (for example the
Atiyah-Floer Conjecture). Additionally,
recent new applications, and possible
future applications of these theories
to topological and geometric
problems, were discussed.

Turbulent and Laminar Flows
in Two Dimensions
March 20 - April 21, 2017
Organized by Gregory Falkovich and
Alexander Zamolodchikov
The Turbulent and Laminar Flows in
Two Dimensions program was packed
with a full schedule of collaborative
lectures, beginning with the workshop
Fluid Flows: from Graphene to Planet
Atmosphere, and followed by recurring weekly talks covering such topics
as experiments on viscous electronics
and the theory of turbulence. In
addition, the program offered a series
of course lectures on Modern Fluid
Dynamics by Gregory Falkovich. The
program sought to bring together

theoreticians and experimentalists
working on viscous electronics, as
well as to establish a cross-field dialog
among the fluid mechanics community
with multiple other fields: mathematics,
solid state physics, high energy physics
and field theory. As a result of this
activity, there is a paper in preparation,
Anomalies in Viscous Electronics at
the Onset of Fluidity, with the acknowledgment of the Simons Center.

Mathematics of Topological
Phases of Matter
May 1 - June 30, 2017
Organized by Lukasz Fidkowski,
Dan Freed and Anton Kapustin
The Mathematics of Topological
Phases of Matter program was
organized to foster interactions
between mathematicians working
on topological quantum field theory,
field theorists working on the
continuum, and condensed matter
theorists who work on the lattice. A
key component of the program was

a pedagogical one-week mini-course
with talks aimed at graduate students
and faculty on timely topics in
condensed matter physics and
quantum information. The mini-course
featured a three-lecture series by N.
Seiberg (on field theory dualities), S.
Michalakis (on entanglement area law
in condensed matter), J. Haah (on long
range entanglement and fractons),
and N. Bonesteel (on topological
quantum computation). In addition,
the program hosted an associated
workshop in June, with a light
schedule of talks to facilitate informal
discussions among participants. Key
topics included talks on the recent
dualities in condensed matter physics,
the geometry of fractional quantum
Hall effect, connections between Lieb
Schulz Mattis theorems, and classification of symmetry protected phases.

Workshops
String Theory and Scattering
Amplitudes
January 9 - 13, 2017
Organized by Katrin Becker,
Melanie Becker, Nathan Berkovits,
William D. Linch III, Jakob Palmkvist,
Daniel Robbins, Andrew Royston
and Pierre Vanhove
The String Theory and Scattering
Amplitudes workshop was organized
around five 2-hour pedagogical
lectures, eight 1-hour research talks,
and one 1-hour colloquium (presented
by Nathan Berkovits). The purpose of
this workshop was to assess the most
recent developments in string theory
scattering amplitudes, including
comparison of different formalisms
as well as applications to target space
(super-)geometry and the associated
physics. Notable guest speakers
included N. Arkani-Hamed, N.
Berkovits, O. Schlotterer, L. Mason,
and R. Donagi who led an informal
discussion session on super-moduli

Kim Seok, Simons Center workshop participant.
Photo: Martin Rocek

spaces of super-Riemann surfaces.
The workshop served as a gathering
of physicists working on various
approaches to string scattering
amplitudes, such as the R-NS, GS,
hybrid, and pure spinor formalisms, as
well as new formulations of scattering
amplitudes in quantum field theory,
like the ambi-twistor formalism. The
main objective was the elucidation of
the key properties of, and connections
between, these various approaches
for the purpose of improving our
overall understanding of string theory
amplitudes and their associated low
energy expansions. The pedagogical
lectures were successful and well
received, facilitating existing collaborations and stimulating new ones.

Applied Newton-Cartan
Geometry
March 6-10, 2017
Organized by Eric Bergshoeff,
Gary Gibbons, Rob Leigh,
Djordje Minic and Dam Thanh Son

The Applied Newton-Cartan Geometry
workshop consisted of fifteen presentations over the course of five days, with
ample time for discussions in between.
As this was an interdisciplinary workshop there were invited speakers from
both the high-energy physics, mathematics and condensed matter physics
community.
A notable example from the highenergy physics community was
N. Obers who gave a talk on Non
-Lorentzian geometry in gravity and
string theory, ending his talk with
new results on non-relativistic strings.
X. Bekaert, as a representative of the
more formal mathematical approach,
gave a lightning overview on Connections in Newton-Cartan Geometry.
A noteworthy example from the
condensed matter physics community
was A. Gromov, who gave a very
interesting talk on the an-isotropic
Hall effect where he used notions from
frontier research in general relativity
such as bi-metric (Newton-Cartan)
gravity and propagating massive
spin-2 modes. Among some of the
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programs and workshops
additional research topics discussed
were Newton-Cartan supergravity,
supersymmetric localization, and the
need for torsion in Newton-Cartan
geometry, both from the condensed
matter and high-energy physics
perspectives, including how it can
arise in a modified post-Newtonian
approximation. As a result of this
workshop, new contacts have been
established, especially between the
high-energy physics and condensed
matter communities. There are
continuing research discussions on
topics such as massive spin-2 and
higher-spin modes in the Quantum
Hall Effect and different applications of
torsion in Newton-Cartan geometry.

Fluid Flows: from Graphene to
Planet Atmospheres
March 20-24, 2017
Organized by Gregory Falkovich,
Leonid Levitov and Alexander
Zamolodchikov
The Fluid Flows: from Graphene to
Planet Atmospheres workshop
served as the launch of the program,
Turbulent and Laminar Flows in Two
Dimensions. Bringing together a
diverse set of researchers, the workshop hosted participants from three
different disciplines (physics,
mathematics and engineering),
and several fields (fluid mechanics,
meteorology, astrophysics, plasma
physics, condensed matter, and
high energy). Lectures covered such
various topics as viscous flows in
strongly-interacting systems
(including electrons in graphene),
the mathematical aspects of fluid
mechanics, turbulence-flow
interaction, and applications in
geophysics, astrophysics and plasma
physics. The goal of the workshop
was to serve as a gathering where
representatives of plasma, solid-state,
astro and geo-physics can meet fluid
4
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mechanists, field theorists and mathematicians in order to facilitate the
development of a common theoretical
framework, and applications of the
theory to different real-world phenomena. Close collaborations between
theoreticians and experimentalists
were achieved and a cross-field dialog
was established. As a result, the paper
Anomalies in Viscous Electronics at
the Onset of Fluidity by L. Levitov,
G. Falkovich and A. Shytov is under
preparation.

Beyond WIMPs: from Theory to
Detection
March 27-29, 2017
Organized by Rouven Essig,
Jeremy Mardon, Samuel McDermott,
Peter Sorensen, Tomer Volansky and
Tien-Tien Yu
The purpose of this workshop was to
investigate the existing knowledge of
dark matter and focus on non-WIMP
candidates of dark matter. This called
for a thorough exploration, including

Photo: Natalia Ilina

the study of model-building aspects,
motivations, and existing constraints.
Ample time was devoted to informal
discussions that acted to strengthen
scientific collaborations and to identify
new directions that may lead the dark
matter frontier in the near future. S.
McGaugh, one of the most respected
dark matter skeptics, gave an overview
of the problems with the dark matter
paradigm. F. van den Bosch presented
some exciting work in progress that
has profound implications for very
basic aspects of N-body simulations of
dark matter structure formation, while
A. Brooks gave an overview of how
N-body simulations work. N. Weiner,
who gave the Simons Center colloquium, provided an overview of the
implications of the latest experimental
results for theories that explain dark
matter. There was much discussion
about self-interacting dark matter as
well as new ideas for detecting low
mass dark matter. The goals of the
workshop were to bring together
experts on the various aspects of dark
matter physics to learn about different

ideas and techniques for searching for
non-WIMP dark matter, and to have
insightful discussions about the merits
and downfalls of various ideas.

occasionally reduce symplectic
embedding problems to combinatorial
questions, and some of these were
addressed by A-R. Pires and O. Buse.
The aim was to bring together experts
to survey the current state of the field
and set an agenda for future work.

Gauge Theory and Low
Dimensional Topology
April 24-28, 2017
Organized by Simon Donaldson,
John Morgan and Kenji Fukaya
The Gauge Theory and Low Dimensional
Topology workshop was organized
in conjunction with the Mathematics
of Gauge Fields program. A focus
of this workshop was the Witten
Conjecture relation to Instanton
theory and Seiberg-Witten theory
in dimension 4, where there are
fundamental gaps in the mathematical
understanding. With the introduction
of Seiberg-Witten theory in the mid
1990s, the study of the instanton
moduli spaces in dimensions 3 and 4
took a secondary role. Nevertheless,
these moduli spaces have a rich
geometric structure that has not
been fully explored. Various topics in
mathematics of gauge theory and its
relation to low dimensional topology
were discussed such as categorial
(or TQFT type) formulation of gauge
theory, and the 2+3 dimensional
theory based on Yang-Mills
connections. H. Nakajima presented
the story of Coulomb branch-Higgs
branch in gauge theory, while S. Gukov
and G. Moore gave several talks on
mathematical theory of gauge theory
from a physicist's point of view.

Quantitative Symplectic
Geometry
May 8-12, 2017
Organized by Dan Cristofaro-Gardiner,
Richard Hind and Michael Hutchings
This workshop consisted of five days
of lectures interspersed with discus-

Strongly Correlated
Topological Phases of Matter
June 5-9, 2017
Organized by Anton Kapustin,
Dan Freed and Lukasz Fidkowski

Juan Maldacena at the Simons Center for
Geometry and Physics.
Photo: Martin Rocek

sions among the participants and two
open problem sessions. M. Hutchings
gave a general lecture for the SCGP
weekly talk outlining the landmark
achievements and goals in the field.
This provided a good introduction for
all mathematicians and geometers in
particular. The problem sessions held
during the workshop set out specific
short and medium term goals for the
experts present. The lectures were
quite strongly focused on the main
questions in quantitative symplectic
geometry, specifically embedding
problems. However a wide range
of techniques are now available.
Pseudoholomorphic curves remain
the most popular, but J. Chaidez
discussed numerical methods, and
M. Entov applied complex geometry.
Pseudoholomorphic methods

The Strongly Correlated Topological
Phases of Matter workshop was a one
week workshop with a fairly intensive
schedule of four talks per day, leaving
room for informal discussion between
participants. A notable success of
the workshop was to foster a
dialogue and lively discussions
between mathematicians working
on topological quantum field theory
and condensed matter physicists, as
well as field theorists and high energy
physicists. Progress was made in
understanding topological phases
with fermions, as well as various
anomalies and dualities, from the
point of view of field theory, lattice
condensed matter formulations
(including quantum Monte Carlo
numeric), and mathematical
formulations involving the extended
quantum field theory formalism.
Lecture topics included extended
topological quantum field theory
(V. Zakherevich, L. Bhardwaj, and D.
Freed), progress on topological phases
with fermions in condensed matter
(K. Walker, D. Aasen, and Z.-C. Gu),
connections to field theory and high
energy physics (Z. Komargodski and
N. Seiberg) and general condensed
matter (D. Feldman and Y.-M. Lu). ·
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Timeless and Borderless Adventure
Conversation with Cumrun Vafa
Professor of Physics, Harvard University
Chairman of the SCGP Board of Trustees
Interview by Maria Shtilmark

Photo: Hayward Photography, Milton, MA

T

he recipients of the 2017 Breakthrough Prizes were announced on December 4th, 2016,
marking the organization's fifth anniversary recognizing top achievements in Life Sciences,
Fundamental Physics and Mathematics. Dr. Cumrun Vafa, along with Drs. Joseph Polchinski
and Andrew Strominger, was awarded the 2017 Breakthrough Prize In Fundamental Physics for his
research in transformative advances in quantum field theory, string theory, and quantum gravity.
Dr. Vafa has a rich history with the Simons Center. He joined our Board of Trustees in 2005 and
has served as its Chair since 2009. He has also served as the Scientific Director of the annual
Simons Summer Workshop since 2003, and visits the Center regularly. The Simons Center is pleased
to formally congratulate Dr. Cumrun Vafa and all of the winners of the 2017 Breakthrough Prize
In Fundamental Physics. Our heartfelt congratulations to all!
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Congratulations on becoming a laureate of the 2017
Breakthrough Prize in Fundamental Physics "for transformative advances in quantum field theory, string
theory, and quantum gravity." As this definition is a bit
broad, what do you consider your main contribution?
Thank you. I don’t take the credit personally and
view this as recognition of not only my own work,
but the work I’ve been doing with many people,
with many different ideas. I’ve had over 150 collaborators, close to 170 now, written over 250 papers,
and I can’t say that one particular paper was the
reason. It may have been the combination of them.
I feel part of the group, where there is camaraderie
between colleagues. The fact that they have chosen
my two colleagues and me is kind of them, but I
view this as not just us.
As to my work in general, the overarching theme
has always been the connection between physics
and mathematics, particularly in the context of geometry. How can we learn physical facts from geometry, and how we can learn geometry from physical
facts? Many of my works are at the interplay between these two subjects, which cover a wide range
of topics in physics, quantum field theory, quantum
gravity and string theory. It seems to me that the
bulk of progress in string theory lies in these relations between geometry and physics.

my sons when they were very young. “What is the
relation?” you might say. I don’t quite understand
it, but I certainly owe them a lot of my inspiration.
You also mentioned Iran, “home of many eminent
scientists, such as Khayyam and Biruni.” Could you
perhaps remark on the impact these two have had on
your perception of the world?
I think in my acceptance speech I mentioned that science is a timeless, borderless adventure. If we take
a snapshot of science today we’ll see various centers
of excellence, and some places that may be relatively
quiet, but we should view this as not the property of
science, but as transient phenomena. Sometimes science is strong in one place, sometimes in the other. It
is not a territory of a particular area, and it’s not a territory of a particular people, it’s an adventure for the
entire human kind. In this sense, I want to emphasize
the fact that it’s timeless — in different times, different
cultures contributed more to the development of science and math. And it’s borderless — it doesn’t mat-

You graciously acknowledged all your collaborators on
the Breakthrough Prize web page and thanked them.
Not everyone does that!
Thank you. I specifically contacted the InSpire and
asked if they could help me collect the names, which
was at the time when we were not supposed to
let the news get out, so I couldn’t tell them why I
needed it. Unfortunately, in the InSpire’s database,
they can only list the collaborators up to a hundred.
And I knew I had more than a hundred, so I asked
them to find a way to actually increase the number
and give me the names of all my collaborators. So,
after a couple of weeks, they kindly forwarded to me
the full list. Thanks go to them!
In your beautiful acceptance speech you thanked your
parents, your sons, and dedicated this prize to your
“wife and best friend,” Afarin, whose unwavering support and love has been a steady pillar in your life.
That’s correct. I think my family (my wife Afarin and
my kids, Farzan, Keyon, and Neekon) has played a
special role in bringing inspiration and happiness
to my life. I remember working on concrete physics
projects and being inspired by the interactions with

“Cubic equation and intersection of conic sections.”
Khayyam manuscript.

December 2017

7

Timeless and Borderless Adventure — Conversation with Cumrun Vafa

Al-Biruni (973-1048). The different phases of the moon.

ter where knowledge originates. People from different
parts of the world can contribute, and do contribute.
This open culture of science — the fact that it’s borderless — is one of the main reasons science makes
advances, and interacting with all these different people from different cultures and different backgrounds
is one of the most fun parts of being a scientist.
As far as the names you mentioned, they are two
among many ancient Persian mathematicians
and scientists. Khayyam worked in geometry and
math, trying to geometrize algebraic equations,
among other things. That was one of his talents, in
addition to being a philosopher and a poet. That to
me defined that he was multifaceted, but deeply
interested in the connection between geometry and
algebra. The other person you mentioned was
Biruni, who was a very perceptive physicist, in
today's language. He knew deep math, but he
applied it with precision to the world around us. For
example, he used some simple and beautiful ideas
from geometry to measure the radius of the Earth
with unprecedented accuracy for his time. And this
is late 10th — early 11th century! The fact that he
actually applied geometrical ideas to the real world
is what I found fascinating and inspiring.
As someone who was born in Iran, could you tell us a
little about how sciences were proportioned with other
subjects in your school, and the system of education
in general?
Yes, I was born in Tehran in 1960. I had the fortune
of attending a very good school, the Alborz high
school. But the education we were getting was
not necessarily at the same level as in the West-
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ern countries, and in particular, we were behind in
science education. Some parts of math were covered
well; we had excellent classes on Euclidian geometry and appreciation of proofs. Understanding what
mathematical proof meant helped me when I was
learning more modern math. But at that time there
was one textbook for the whole country, and that
textbook wasn't that great in science. I was studying a little on my own, learning things like Einstein's
theory of special relativity. I was so eager to go to
college in the US that I applied one year early, so I
started MIT in 1977. I was planning to study engineering and economics, but I took courses in both
subjects and didn't like them. I was taking math and
physics courses at the same time and those I loved,
so by the second year I decided to switch. I graduated from MIT in 1981 with a double major in math
and physics, and went to Princeton for a PhD in physics. Edward Witten was my advisor. I completed my
PhD in 1985 and came to Harvard, becoming junior
faculty in 1988, and senior faculty in 1990. I have
been at the Harvard Physics Department since then.
I love going back to Iran. I enjoy visiting my relatives
and giving lectures on physics and math. Scientific
life has improved quite a bit since I was growing up;
they have good groups working on string theory and
modern aspects of mathematics. They may not be the
leaders of the subject, but they have people following
recent developments and writing good papers.
Talking about string theory, you mention mysteries (of
confinement of quarks inside atomic nuclei) and enigmatic properties (of astrophysical objects, such as black
holes). Is solving puzzles and uncovering mysteries
your driving force?
Perhaps what summarizes my interest is the word
magic. The very simple things we see around us,
like this big moon out there in the sky which is
not falling down — that’s magical. It doesn’t mean
there is no nice and simple explanation to it. What
I like about the beauty of science is taking this
magical reality and making it understandable. Magic
exists, even if we understand it. The way it is put
together, the presentation of the reality in the form
we see it, is magical. So trying to decipher the magic
and understand how it comes to be so beautifully
presented to us, combined with the rational explanation, often based on elegant mathematics, be it in
the form of geometry or other ideas in mathematics,
is very attractive to me.

Cumrun Vafa at the annual Simons Summer Workshop.
Photo: Natalia Ilina

Perhaps what summarizes
my interest is the word magic.
The very simple things we
see around us, like this big
moon out there in the sky
which is not falling down —
that’s magical.

We are curious as human beings. It is natural to
be asking questions. But why we would direct our
innate curiosity towards something like string theory, that will have no application in our lifetime, is
a question that some people may ask. How can we
be spending so much time on a subject so disconnected from physical observation of day-to-day life?
It is a good question, and it is our sense of aesthetics that tells us that there is truth behind this theory
that attracts us, and some of the application of it
comes secondary. Because, after all, we are trying
to understand how the truth of nature works. We
also know that we will not finally understand it, as
science only works in increments. In terms of the
amount, we know the amount we can learn is very
tiny, and we know that from looking backward. Also,
it is a little disappointing that the human lifespan
is so tiny compared to the age of the universe and
all the beautiful reality. The maximum distance we
travel is a distance on the globe; compared to the
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vast scale of the universe it is almost nothing. Connecting ourselves to sets of reality, which transcend
space and time, gives us some kind of satisfaction of
going beyond the reality of our finite lifetime. It is a
minor satisfaction in view of the fact that we are not
going to be able to visit everywhere and be around
all the time.

tastic machine was able to discover the truth. It is a
remarkable achievement, and the scientists who did
it should be congratulated to the max. But nature
could have given us more hints about string theory.
We have not been as lucky as we wished. There still
is room, though, as LHC has 5-10 more years before
we can be sure if there is new physics at LHC.

That is why I am attracted to fundamental science,
though I know and I appreciate the fact that the
contribution that I am going to make is going to be
very tiny, compared to the portion of the unknown.

Is there a question that you wish you were asked, but
you were not?
I think there might be forums where a person who
is not a physicist, and is not interested in forces and
particles per se, could ask a scientist “so, what does
it all mean for regular people?” Not so much explaining the laws of physics, or how forces of elementary
particles work but “how does it affect my life?” or
“how do you think about this?” or “does the way
you look at the whole universe change your daily
life?” In my opinion, these kinds of questions are
not raised as much. Perhaps scientists are also a bit
shy to venture into these areas because they don’t
consider it their area. Perhaps it is philosophy, or
poetry; these domains are some that scientists don’t

We started this conversation in 2014, when the discovery of the Higgs particle was a big topic, and I asked you
if it answers major questions, or if you expect more to
come? What do you predict CERN can bring in the future
to the type of research you do?
If the Higgs boson discovery is the only discovery of
the Large Hadron Collider, then this situation is very
unfortunate. It means that whatever has been going
on for the past 40 years is useless in the context of
experiments. Of course, it is great that such a fan-

To me, science is by
far more interesting
and meaningful when
it is the result of
collaboration.

Cumrun Vafa
Photo: Hayward Photography
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wander around, and people don’t expect them to.
They usually focus on matter of fact things, such
as types of particles and kinds of forces, and it’s a
little too mechanical, or too technical, in my opinion.
That’s just my taste.
What I find a little bit strange in the attitude of scientists of this century, or of the past few decades that I
have been working, is that in some sense it’s not only
not philosophical, it is sometimes anti-philosophical despite the fact that the foundation of science
is philosophy. Many scientists do not recognize the
underpinning of their own ideas as philosophical. They
don’t venture into those areas. Whenever this discussion arises, they dismiss it as useless and just put
it off the discussion table. I think that's neither faithful to how science is being developed, nor good for
the development of science. For example, during the
early days of quantum mechanics, or relativity, there
were discussions that were mixed with as much
ideas of science as ideas of philosophy, and I think
that aspect of science is missing today.
If we could return to collaborations — the majority of
your work is in collaboration, but every 2 or 3 years you
write a sole author article. Is that intentional or incidental, and what conceptual difference do you see in your
papers alone vs. with collaborators?
I love collaborations. To me, science is about understanding things, and therefore getting help from
other people and collaborating with them is perfectly good. Trying to build the “I did it!” kind of
attitude is not good, and to me there is no loss in
trying to get into collaborations. I like the diversity
of talent that is brought in through other people and
collaborations, so I enjoy that human aspect of trying to deal with different people, as well as the ideas
they bring to the table. I come up with one idea, and
my collaborator suggests another, and it makes it
far more exciting. Occasionally, though, there is an
idea that starts in my own head and gets finished in
my own head. I didn't need collaboration; there is a
case of a sole author paper. But it's not like I design
it like I have to do this by myself. If it happens when
somebody else contributes, then it's collaboration.
So, to me, that is the nature of science.
Often in science, we see this unfortunate view that
we are after heroes. Human sight goes into the direction of hero building, in political scene or other
areas of human endeavor, like art, music or film.
Somehow it gets translated to an idea that a sole
author paper means you have a hero. I don't sub-

scribe to this view of science. To me science is by
far more interesting and meaningful when it is the
result of collaboration. This is what I like about the
Summer Workshop that we run at the Center. Many
of the people I like to collaborate with are here. I use
this opportunity to start or continue collaborations,
and it is fantastic in that respect and fits very well
with my attitude about science.
This year marks the 15th annual Simons Summer Workshop that you have directed. What are you especially
proud of?
Yes, this is the 15th year of the Summer Workshop,
and with every year it becomes even smoother and
more effortless. It is by now well-recognized in our
field that at the Workshop there is an atmosphere of
discussion, collaboration, and top-notch people, as
well as eager students and researchers, all gathered
in one place. So not a specific topic, but that atmosphere is what drives us forward. The Center does
an amazing job in making this a friendly environment.
Every time I get feedback from the participants, they
are always amazed how smoothly things run.
And we must thank you for that! How do you see the
future of the SCGP? How will it and should it develop
in 10 years?
String theory is under a great amount of pressure in
terms of funding. Since it has not been connected
to any experiments, there is tension for this field to
be supported indefinitely by physics departments
(which are supposedly based on physics experiments). On the other hand, mathematicians have
seen that this subject is useful to the development
of pure mathematics. A lot of them like to see the
continuation of the development of string theory
research, except they feel that a lot of things that are
going on in string theory are not rigorous enough to
be called mathematics. Therefore, many mathematicians view this as a good activity by the physics departments. So, subjects like string theory fall into the
crack between two areas, and do not get supported.
This is where the Simons Center and similar
institutes come in, playing a critical role in filling this
void by the amazing workshops that take place here.
The diverse group of people that come and interact
here at the Simons Center has already brought a lot
of impact into the joint area between physics and
math, and I hope it continues to increase the number
of activities and interactions in the future. I am very
optimistic about that! ·
December 2017
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Puzzle Time
The Not-so-Rigid Hexagon, contributed by Professor Maxim Kontsevich (IHÉS).
The new solution will be published in the forthcoming SCGP News Volume X.

The Not-so-Rigid Hexagon
Consider a regular, right angle hexagon in three-dimensional space. There are two distinct ways
to realize such polygons as paths on the boundary of unit cube: XYZX–1Y–1Z–1 and XYZY–1X–1Z–1.
Here X,Y,Z are unit steps in positive directions of orthogonal x,y,z axes etc. A naive count of
degrees of freedom 6x3 - 2x6 - 6 = 0 shows that this hexagon should be rigid. Here 6x3 is the
number of coordinates to specify positions of six vertices in three dimensions, 2x6 is the number
of constraints (unit lengths of 6 edges and 6 right angles), and the latter 6 is the number of
translational and rotational degrees of freedom of a solid in 3d space. Despite of this naive count
the hexagon of the second topological type is NOT rigid and can be deformed continuously in a
non-trivial way without violating constraints.
Can you explain why the naive count does not work in this case?

Figure 1
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Figure 2

puzzle time

In Volume VIII of the SCGP News an exciting puzzle titled The Answer is Blowing in the Wind, conceived by Professor
Gregory Falkovich of the Weizmann Institute of Science, was presented on page 13. Revealed below is the solution.

The Answer is Blowing in the Wind: The Solution
The first explanation that comes to mind is
that for upwind propagation the distance is
larger by the factor 1+v/c where v is the wind
speed. Viscous dissipation in the air decreases
the intensity q with the distance r according to
q ∝ exp(–vω2r/c3). Another factor is spreading
of the acoustic energy flux over a half-sphere of
increasing radius: q ∝ r –2. Note, however, that
near the ground (where most of our shouting
happens), the wind speed is generally less than
15ms–1 so that v/c < 0.05 and can be treated as
a small factor. Therefore, if the difference in the
distances traveled was the reason, the difference between upwind and downwind intensities would be of order v/c, i.e. small.

tally i.e. perpendicular to the velocity gradient.
The wave front turns and rays bend with the
angular velocity ω = dv/dz ~ v/h, where h is the
height. The radius of curvature then is R = c/ω
= hc/v. The zone of silence starts at the point
where the ray hits the ground horizontally as
shown in the figure. The distance to this point
is ℓ = √ R2 – (R – h)2 ≈ √ 2Rh = h √2c/v. That formula disabuses one of the idea that it is better
to be closer to the ground where the wind speed
is less. On the contrary, taller person is heard
further away. For h = 1.5m and v/c = 0.05, the
person of the same height will stop hearing you
at the distance 2ℓ ~ 19m upwind. The boundary
of the zone of silence is a caustic.

The real reason for the fast intensity drop
upwind is the inhomogeneous vertical profile of
the horizontal wind speed near the ground. This
bends sound rays, which encounter stronger
winds when they are further from the ground.
As shown in the figure, the refraction makes
the spreading of acoustic rays near the ground
much faster upwind than downwind. For sound
propagating upwind at some angle to the
ground, the part of the constant-phase surface
that is higher moves slower, which turns the
surface up (a similar phenomenon is also known
from optics where rays bend towards a more
optically dense medium). Such refraction creates a so-called 'zone of silence' upwind from
the source. Note how qualitatively different are
upwind and downwind rays: eventually the former all go up while the latter all hit the ground.

Similarly, the temperature gradient in the atmosphere, α ~ 6.5 kelvin per kilometer, causes the
upward curvature of sound rays (now isotropic
in the horizontal plane). The speed of sound is
proportional to the square root of temperature
in kelvin: c(z) = c √ 1 – αz/T. Now the rays bend
with ω = dc/dz = cα/2T, so that their radius
of curvature is R = 2T/α and the radius of the
silence zone is ℓ = 2√Th/α. Taking on the ground
T = 300 and c = 340 m s–1, we obtain for h = 10m
the radius of the silence zone ℓ ~ 1300m - that far
one needs to go away to stop hearing annoying

wind
zone of silence

rays
source

To estimate the distance to the zone of silence,
consider the rays propagating almost horizon-

rays

height
silence

silence

temperature
noise. To tell the truth, some noise penetrates
the 'zone of silence' because of diffraction, scattering on the ground and on wind turbulence.
On the contrary, when the ground cools during
night producing local inversion of the vertical
temperature profile, the rays curve downward
and with multiple reflections from the ground
can propagate quite far. ·
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Multi-Faceted
Success
Conversation with
Sir Chris Llewellyn Smith
Director of Energy Research,
Oxford University
President SESAME Council
Interview by Maria Shtilmark

Photo: courtesy John Cairns

T

hank you so much for the fantastic talks you gave
at the Simons Center. The Della Pietra lecture
series has also hosted David Gross, with whom
you have written your article “High Energy NeutrinoNucleon Scattering, Current Algebra and Partons,”1
which resulted in the Gross-Llewellyn-Smith sum rule
(GLS). At your birthday conference at CERN, David spoke
about how “cavalier and bold you both were working
on the frontiers of high energy physics when you knew
almost nothing!” Could you tell us a little about your
collaboration with David and the fate of this article?
In early 1969, when I was a postdoc at CERN,
David arrived as a visitor. He was talking about
the new ideas that were going around about deep
inelastic electron scattering experiments at SLAC.
I was working on neutrino scattering on heavy
nuclei (with the late John Bell, of inequality fame,
who had pointed out that, very counterintuitively,
neutrino scattering must exhibit nuclear ‘shadowing’). I thought, “I will test my understanding
of the ideas David described by applying them to
neutrinos.” I went to see David and asked whether

I had the right answers, to which — to my great
surprise — he replied: “Nobody has looked at it.”
So we started working together on neutrinos, and
came up with certain results. I followed this with
some other papers2 in which I showed that combinations of data from deep inelastic scattering of
electrons and neutrinos demonstrate that partons
have non-integral charges (not a fashionable idea at
the time), and that about half the proton’s momentum
must be carried by neutral particles. I think this
was the first evidence for gluons. It all started as an
accident of timing. I was in the right place at the
right time thinking about neutrino scattering, which
was being studied at CERN.
I am amazed by how you always manage to find yourself at the crossing of all possible borders — not only
between theoretical and applied physics, or between
economics, education, politics, and science, but also
literal ones, like the border of USSR in 1967 — Lebedev
Physical Institute…
FIAN. [Physical Institute of the Academy of Sciences]

1	High Energy Neutrino-Nucleon Scattering, Current Algebra and Partons (D. Gross C. Llewellyn Smith), Nuclear Physics B14 337 (1969).
2	Current Algebra Sum Rules Suggested by the Parton Model, Nuclear Physics B17 277 (1970). Inelastic Lepton Scattering in Gluon Models, Physical Review D4 2392 (1971).
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CLOCKWISE: The Theory Division team that won the 1973 round CERN relay. Chris (second from left), who as an undergraduate (196164) captained Oxford’s cross country running team and represented the University over three miles on the track, came out of nine years
of athletic retirement for this event. Photo: Courtesy Tony Hey
Chris & Virginia in their room in the Yuzhnaya hotel Moscow (doubt it exists anymore) – sometime in winter 1967- summer 1968
Photo: Courtesy Sir Chris Llewellyn Smith

At the opening of the CERN Super Proton Synchrotron in 1976, when Chris spoke ‘on behalf of the generation that will benefit from its
discoveries’, with Edoardo Amaldi one of CERN’s Founding Fathers, then President of the CERN Council. Photo: Courtesy CERN
Meeting Jiang Zemin, President of China, March 1994. Photo: Courtesy Sam Ting

Yes. How did that happen?
My wife, Virginia, was writing a PhD on the relationship between the treatment of women in Chekhov’s
works and the women in his life, on which she later
published a book3. She needed access to the archives
in the “Biblioteka Lenina,4” which is probably called
something else now, to read some of his correspondence. Chekhov’s letters were published, albeit in
censored form, but the replies were not. This was
not regarded as a suitable subject in the USSR in
the 1960s. Her supervisor in MGU5, where she was
living when I arrived, told her that he’d only heard
of one even more ridiculous thesis topic, on which
a visiting American was working: “Pushkin kak
Gastronom” (Pushkin as a Gastronome).

Nowadays there is a lot of research on Chekhov’s treatment of women. Virginia was clearly ahead of her time!
Anyway, to conclude I had just finished my PhD and
applied for a Royal Society — Academy of Sciences
Exchange Fellowship, so that I could join Virginia.
You were Director General of CERN, when the LHC was
approved, and have been President of the Council
of SESAME, which brings together countries such as
Turkey and Cyprus and Iran and Israel. You’ve managed
the UK fusion program, led energy research in Oxford,
and served as Provost and President of University
College London. During your varied career, what have
you found to be the key to successful communication
between people with different economical, political
and scientific backgrounds?

3	Anton Chekhov and the Lady with the Dog, Virginia Llewellyn Smith, Oxford University Press (1973).
4	The Lenin State Library, now the Russian State Library. The Moscow subway station is still called the Library Named after Lenin, though – M.S.
5	MGU – The Moscow State University.
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Signing the protocol which detailed US contributions to the
LHC in December 1997, with Martha Krebs (DOE) and Bob
Eisenstein (NSF). The overarching agreement was signed a few
weeks earlier in the Indian Treaty Room of the old Executive
Office of the White House (now the Eisenhower Building).
Photo: courtesy CERN

Painting one eye of a Daruma doll, with Kaoru Yosano (Japanese
Minister of Education, Science and Culture), witnessed by Hubert
Curien (President of the CERN Council, formerly French Minister
of Research), in May 1995 when Japan agreed to contribute to
the LHC and became a CERN Observer. Daruma dolls are
traditional symbols of good luck: the other eye was painted
when the LHC was opened in 2008.
Photo: courtesy CERN

Communicating across disciplinary boundaries
depends on learning through experience, what you
can assume that others know and don’t know, and
what metaphors and similes will strike a chord. The
universality of science is the key to communication
among scientists with diverse political and cultural
backgrounds and views. As Chekhov wrote, “There
is no national science, just as there is no national
multiplication table. What is national is no longer
science6”. I have observed at CERN and at SESAME
that scientists, engineers and technicians who
work together develop professional respect, which
leads to greater tolerance of each other’s views on
other matters.
David Gross also mentioned in his talk at your birthday
conference at CERN how enthusiastic and hardworking
you are, and how you haven’t changed in the many
years he has known you. How do you do it? How do you
get things done and avoid disappointment?
I think I’ve had my share of disappointments. To cite
just one, I worked very hard to get funding for the
final stage of the upgrade of LEP (the Large Electron Positron collider at CERN), and for an additional
6 (Quoted by wikiquote.org/wiki/Anton_Chekhov)
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year of operation, because there were good reasons
to think that it might discover supersymmetric particles (this was also one part of the case for building
the LHC, Large Hadron Collider). It’s puzzling and
disappointing that Nature seems to not make use of
this beautiful option, at least in a simple way.
When Oxford University refurbished the Geography
Department, its Lower Carbon Futures team, which
is one of the largest collection of experts on building
efficiency in the UK, wasn’t consulted. And in the end,
the building uses more energy than before the refurbishment – and I am sure this is just one example of the
frustrations you’ve faced.
It was ironic and ridiculous. I don’t usually work in
that building and was not aware of what was going
on until it was too late. Afterwards I tried to draw
people’s attention to what had happened in the
hope that it won’t happen again. But you can’t fight,
let alone win, every battle.
If you could put your Director of Energy Research hat
on for this one: As a former Director of the UK Atomic
Energy Authority’s fusion laboratory at Culham, which
houses JET, what is its future beyond 2018?

The UK has decided to leave Euratom along with
leaving the European Union, in principle in March
2019. Continued operation of JET, and UK participation in the global fusion project ITER, will depend
on putting in place some arrangement for continued
UK association with Euratom, which funds the operation of JET, and through which Europe belongs to
ITER. This will not be straightforward because the
European Court of Justice (ECJ) is responsible for
the adjudication of disputes related to Euratom. The
UK has announced that it will no longer accept ECJ
arbitration on any matter, but it is hard to see the
EU agreeing to anything else. The lack of any form
of UK association with Euratom would have very
serious consequences for fusion research. In preparation for the operation of ITER, more experience is
needed with a mixture of deuterium (D) and tritium
(T), the fuels that are almost certain to be required if
fusion is ever used as a source of power. A D-T run is
planned in late 2018 at JET, which is the only device
in the world that can operate with D-T.
Most alarmingly for the UK, Euratom is responsible
for nuclear safeguards and movements of nuclear
materials (it actually owns all non-military materials held by its members), and for overseeing nuclear
safety in Europe. Unless alternative arrangements
are in place by then, the nuclear power production
in the UK will grind to a halt on April 1, 2019.
Today is a very dramatic time to be speaking about
changes in energy system. The US had its own view first
on the Kyoto Protocol and now on the Paris Accord. A
lot was said today after your talk – was there a question
you liked or you wish that you were asked?
The questions straight after my talk were mostly
about details, but later, over lunch, someone
informed me that the President was considering
reversing President Obama’s decision to strengthen
Corporate Average Fuel Efficiency standards for US
cars7, which I had mentioned in my talk. This led to
a discussion of the likely effects of the President’s
retreat from the Paris Agreement. My own belief is
that the transition to low carbon energy now has
enough momentum that it will continue whatever
Trump does, although it may go a bit slower. Part
of the Paris Agreement was to transfer funds to
developing countries to help them get away from

carbon-based energy, and that will presumably
suffer from US withdrawal. However, in the US, the
States control energy policy as much as the Federal
Government. I assume that California, which is the
sixth biggest economy in the world on its own, is
just going to keep going, and not going to pay any
attention to Trump.
The New Yorker compared the Paris Agreement to the
tale of the Stone Soup8.
Like Stone Soup, the Paris Agreement depends on
voluntary contributions, or at least pledges, but it
does not require that everyone does the same thing
and the analogy is not complete. In fact, rather
than encouraging others to pull out, US withdrawal
seems to have strengthened the resolve of China
and of the European Union. In the Stone Soup case,
everyone puts something in and gets something
out of the pot. In the case of de-carbonization, inputs and outputs have been very unbalanced. Germany, for example, poured subsidies into wind and
solar energy, which produced a lot of renewable
power, in a country where the potential is limited.
However, this did not have a big impact on carbon
emissions, because of the decision to close down
nuclear power, or, as had been hoped, benefit
German renewable companies (although German
machine-tools are used to make solar cells worldwide). But the rest of the world benefitted enormously because the experience of large-scale
manufacturing drove down costs. Actually, China
captured a lot of the solar PV market, and Denmark
and others took the lead in wind. I would be surprised if US withdrawal from the Paris Agreement
has a major effect on US market share. As I said,
the transition to wind and solar has a momentum of
its own, supported by many States. It’s interesting
that not only the big tech companies, but also the oil
companies have been criticizing the decision.
In your opinion, to what extent is the choice between
fossil fuels and renewables more a matter of culture or
economics?
Attitudes are very important. For example, I’ve
noticed that among the rich in Santa Fe it’s socially
unacceptable to have a green lawn when it’s very
dry, whereas not so far away in Albuquerque, green
lawns are seen as a desirable sign of affluence.

7	On 16 March Trump said he was ordering the EPA to reopen a mid-term review of Corporate Average Fuel Economy Standards that currently require the industry to deliver
a fleet average of at least 54.5 mpg by 2025. The President’s goal is to make Detroit “the car capital of the world again” and save automotive jobs, which would be lost if (as
claimed by some in the industry) meeting the standard were to increase vehicle prices and hence depress sales.
8 http://www.newyorker.com/news/daily-comment/au-revoir-trump-exits-the-paris-climate-accord
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However, in most of the world, economics will determine the speed and extent of the move to renewables.
How important is it to get the public more educated,
interested and involved in sustainability and the use of
renewables? Where do you start?
The more the public understands the need to move
away from fossil fuels, the better. Most people
have probably made up their minds about climate
change. But it’s also important to decarbonize to
reduce air pollution which is a major cause of death
in developed countries, such as the US, as well as in
countries like China and India. Also to reduce international tensions by rebalancing relations between
major exporters of fossil fuels (Russia, the Gulf
States) and importers. Public appreciation of these
arguments can help speed up the energy transition,
but the key is to develop clean alternatives to fossil
fuels that are also cheaper.
I know people who have gone vegan partly because
they believe modern animal agriculture is a very aggressive polluter, and livestock and their byproducts
account for at least 32,000 million tons of carbon dioxide (CO2) per year, or 51% of all worldwide greenhouse
gas emissions. Do you think this is true?
It’s true that if we all became vegetarians it would
make a big contribution. I myself don’t know anyone who became a vegetarian because of concern
about emissions - it’s interesting that you do. Those
I know became vegetarians for health reasons or
concern about animal welfare.
When you spoke of the dire need to decarbonize, you
mentioned that one way is to rethink the industrial processes. Do you know if these attempts to rethink it are
being implemented at the ITER construction at all?
While ITER is surely being built in an environmentally responsible manner, I’m not aware of any novel
steps that are being taken to reduce the project’s
environmental impact, but that may reflect my ignorance.
The reason I asked was this quote from the brochure on
the official opening of SESAME: “When SESAME’s solar
power plant comes into operation, SESAME will be the
first accelerator in the world powered solely by renewable energy.9”
The use of renewable energy is necessary to allow
SESAME, which is currently paying $375/MWh for
power, to operate at a cost that the Members can

afford. It’s also a good example, which I hope will
be followed by others — accelerators use a lot of
power. While SESAME is not the highest energy or
the brightest synchrotron radiation facility in the
world, it will be a good facility that will enable good
experiments by a large community which up to now
has not had access to a light-source, and someone
with the right idea could use it to win a Nobel Prize.
It’s good that it will also lead the world in at least
one way.
In 2015, my colleague Elyce Winters spoke with Eliezer
Rabinovici, whom you also mentioned in your talk. He
spoke of three things critical for SESAME’s success: that
science is a common language; that SESAME has top
science; and that the members participate on an equal
basis. Would you like to comment on the various difficulties — political, financial, even inclement weather —
that the project encountered, which you mentioned in
your presentation?
I was President of the SESAME Council for 8.5 years.
You would expect some difficulties over a period like
that. But the really remarkable thing is how few
there have been and that we’ve managed to get
around them and surmount them. When the political
situation in the Middle East was particularly bad a
few years ago, someone asked whether we should
give up. My reaction was that the worse the situation, the more we need SESAME, as it shows that
people of goodwill can work together to achieve
common ends across some of the deepest divides
on the planet, in the most dire of circumstances.
If we could go back to ITER – it is obviously not the
project for someone who likes instant results. How do
you deal with such a timeline?
That’s a very interesting question. I was surprised
that nobody asked me about the prospects for fusion
after my talks here. Let me deal with that unasked
question first. Ten years ago, I would have replied
that I’m reasonably confident that we will be able
to make a fusion power plant, although we need
ITER to be sure, and the real question is can we
make one that’s reliable and competitive? The question of reliability will remain unanswered until we
try, although operation of ITER will provide clues. I
used to think there was a reasonably good chance
that fusion could compete with other low carbon
sources of power, but, while I would not say that
it’s impossible, the situation has changed. The cost

9 SESAME Official opening under the patronage of His Majesty King Abdullah II, 16 May 2017, pg.13.
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May 16, 2017: His Majesty King Abdullah II following the opening of SESAME, flanked by (left) the President of the SESAME Council,
Professor Sir Chris Llewellyn Smith, and (right) the Director of SESAME, Professor Khaled Toukan.
Photo: Courtesy SESAME

of wind and solar power has decreased faster than
anyone could have dreamt. Meanwhile ITER has
gone way over budget, partly because of the way
that the project was set up and because it’s the first
of a kind, but probably also because fusion reactors
will be intrinsically more expensive that we thought
a decade ago. I think we need to finish ITER and
establish once and for all whether fusion really is
a viable option. We will then have to reassess the
likely cost of fusion power in the light of the experience gained with ITER and in comparison with the
cost of alternatives before deciding whether to go
ahead and build a real fusion power station.
On the timescale, the ITER management are now
talking about deuterium-tritium plasmas in ITER in
2035. So it’s a very long time before we will be able
to establish the viability of fusion. Your question
whether people will be willing to commit to projects
with such long time scales is a good one. Can you,
should you, motivate people to get involved, and
devote their careers to projects that won’t produce
results until after they’ve retired? A similar question
arises in high-energy physics. I gave the first major
talk on what physics it might be possible to do with
the LHC if we ever built it in 1984, but it didn’t start

to operate until 2008, and even then not properly.
How do you deal with these long-time scales?
This issue is not new. During the Middle Ages,
people in Europe designed and started building
cathedrals, which often took hundreds of years to
complete, knowing they would never see them finished. They presumably considered that they were
doing it for the glory of God and the spiritual benefit of succeeding generations. Likewise, people may
be willing to devote their lives to fusion, or other
very long-term projects, with no expectation of
seeing them working in their lifetimes, if they are
convinced that they may provide a better world for
their great grandchildren. On the other hand, people
work in high-energy physics to satisfy their intellectual curiosity, and presumably want to live to know
the answers to the questions they are addressing.
If the timescales get very much longer, I think it will
become increasingly difficult to attract people to
such fields. I certainly would not have wanted to
become Director General of CERN in order to start
a project which I knew would not be finished for
50 years.
Thank you very much, good luck and hope to see you
again at the Center. ·
December 2017
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Dancers and Lone Wolves
Conversation with Eliezer Rabinovici,
Leon H. and Ada G. Miller Chair of Science Racah Institute of Physics,
Hebrew University of Jerusalem
Interview by Elyce Winters
Edited by Maria Shtilmark

W

elcome to the Simons Center. Could we
start with what is your area of research?
Thank you. Well, I am a particle physicist,
one of the breed that you know very well: totally
megalomaniac. We believe that somebody owes us
a simple description of the Universe, so we try and
search for it. We got away with it until now, but
there are still many holes. Our picture is not full.
However, we have had quite a few successes condensing the knowledge of the material world into
one slide of PowerPoint.

Eliezer Rabinovici
Photo: Marie-Claude Vergne/IHES

I am trying to understand how the physical laws
that we know well — electromagnetism, strong
interactions, weak interactions, and gravity — even
though governed by one set of laws, manifest themselves in enormous varieties. We call this “different
phases.” In short, you have one set of laws, with
parameters like temperature, or else, and when they
vary the system totally changes its character. I studied the phase structure of gauge theory, which gave
us electromagnetism, weak interactions, and strong
interactions, as well as something more exotic called
oblique confinement, which manifests in condensed
matter physics. That’s one area of research that I’ve
contributed to and have done some work. Then I
studied string theory, which is an attempt to check
how the world would be different if the elementary
constituents of nature wouldn’t be just points, but
one-dimensional objects: strings.
I could ask you what do you think is the basic ingredient of a painting? You could think it’s a point. Are
you familiar with art?
Yes.
Who painted points?
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other person would call it small. But it turns out in
string theory there are cases when you view things
from a string theory point of view, you don’t know
if the universe is large in one direction, or small.
Each narrative is equally valid. And this goes on to
concepts like topology, number of dimensions, commutativity, and associativity. Let’s say there would
have been an end to the Universe, which we call a
Big Crunch. This appears very dramatic, very painful. But it turns out that you can have an alternative
description of that, in which nothing happens. You
are lying in a hammock on a South Pacific Island, experiencing no drama. So, these different narratives
that describe exactly the same thing have existed
also when there were point particles, but they’ve
become much more pronounced and much more
powerful when the constituents were larger than
point particles, that is strings and even membranes.
Khaled Toukan and Eliezer Rabinovici at the SESAME opening
ceremony May 16, 2017.
Photo: courtesy Eliezer Rabinovici/SESAME

Ah, pointillism!
Yes, you have George Seurat. From far away it’s
just a painting, but if you come closer it's a totally
different structure. Up to now we've accepted the
point of view that the fundamental building blocks
of nature are point particles. There was no reason
to try anything else because this was so successful. But when faced with how gravity manifests
itself, things begin to look different. From there it
seems worthwhile to entertain a Van Goghian idea,
where maybe it is the basic brushstroke that makes
a painting of nature. And it turns out that this has
dramatic impact on how nature could behave, and
these things, called symmetries, or dualities, they
fascinate me and I’ve worked for years on uncovering and trying to understand them.
The Simons Center is also an institute of mathematics, so I would say that if you think your eyes are not
sending points, but are sending strings, then there is
no concept in mathematics that remains untouched.
Every concept of mathematics that I know of has become ambiguous, or, if you wish, symmetrical. You
would think that large universe and small universe
are totally different concepts. Imagine how many
territorial disputes you could settle if you could just
agree that one person could call it large and the

The latter in the painting metaphor would be thinking of Monet, or Pollock, who experimented with
basic two-dimensional ingredients, just splashing
blots of color. That’s called membranes, which also
leads to various interesting consequences.
Is that what they are doing with the Heavy Ion Collider?
Would you consider that splashing?
(Laughs). It’s different. These symmetries are amazing to me, and I want to understand their origins. Of
course, being a physicist, I am interested in what
actually happens. Like most of my colleagues, I'm
holding my breath waiting for what the Large Hadron Collider, which is now starting to work again,
will give us. Will it bring some new results or not.
In the next 2 to 5 years [said in 2015] we should
know if there is anything new in the near energy
range, the accessibility range, or we will have to fish
in much deeper oceans to find something. And as of
2017, we have reached India, that is when the Higgs
particle was discovered, but deep inside it is America, a new continent of particles, that we hope will
be discovered, and as far as we know that hasn’t
happened yet.
Can you tell us about your collaborations at the Israel
Institute for Advanced Studies?
Nowadays there are big institutes that are full of collaborations, and there are different types of those.
Take a picture of a lone wolf, as mathematicians are
usually lone wolves. There is a type where collaborations are just weak interactions between lone
wolves, who from time to time want to sense what's
going on around them, but actually they are much
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Eliezer Rabinovici and former Directors General of CERN, who were Presidents of SESAME Council: Chris Llewellyn-Smith,
Herwig Schopper, and Rolf-Dieter Heuer
Photo: courtesy Eliezer Rabinovici/SESAME

I am trying to understand how
the physical laws that we know
well — electromagnetism,
strong interactions, weak
interactions, and gravity —
even though governed by one
set of laws, manifest themselves in enormous varieties.

more interested in what’s happening in their own
territory. And in that case, in order to foster excellence in their research, you must give them the environment where a lone wolf can move back and forth
without feeling the constraints of everyday life.
What do you think is most key in providing that environment?
I think you should invest in the physical structure,
so it becomes accommodating for that. And I think
at the Simons Center there has been a lot of effort in
considering the physical environment. I am very impressed by that. Give them the appropriate financial
conditions, free them, so they don’t have to spend
their time looking for housing and thinking about
mortgage, and could really dedicate their time to the
research.
So, these are lone wolves. Now, look at The Dance
by Matisse.

Eliezer Rabinovici and Rafiq Saraf, the Palestinian constructor
of the SESAME building
Photo: courtesy Eliezer Rabinovici/SESAME
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That’s one of my favorite paintings!
You like it? Good. That’s collaborative research.
And our Institute [for Advanced Studies] did a lot
of effort. We had a few lone wolves, but we mainly
focused on the collaborative effort and the way we
did it was the following: we would ask two or three
people to present a proposal of the research they
want to do, for which there is enough evidence - as
you know, research is always a high risk, and you
may end up with nothing – in fact, most of the time
you end up with nothing really new, but sometimes

you do succeed. But you have to present a case that
bringing together a group of people could change,
and in a quantitative and qualitative way lead to
the progression of the field. So, sometimes it can be
changing or really creating a field. There is a field
of study of migrations, from various points of view.
We took a risk, we brought a group of people, who
together really helped found a field. It was many
years ago, I take no credit for it. It was about brain
research by methods of physics. We had a breakthrough meeting. The field changed by having these
people together, a year later it wasn't the same. The
field is not the same because the progress done in
the place changed the map of the field.
And another example of that is we brought together
Christian and Jewish scholars of… what are the first
five books of the Bible?
The Pentateuch.
Exactly. I hadn’t realized how different Jewish
and Christian interpretations are. Big differences!
The value of being together was building a common
language.
Speaking of common language – SESAME, which is
being built in the Middle East, and with which you are
involved, is another level of collaboration, across political spectrum, and across nations.
You’ve heard it many times, but I believe it, so I’ll say
again – we scientists are lucky that we have some
understanding of what’s going on in the universe.
Society helped us, it didn’t happen on its own. And
most of us, especially in physics, we do collaborate.
So, we have the skills of collaboration, and I think
it’s our duty in cases when we are needed to bring
these skills back to society. And unlike these guys
from the Bible, who tried to form a common language, we already have it, it is there – science. And
if you accept the fact that there is a common language, science, then you can try to use it to bridge
these enormous differences in narratives of what
really happened, of how people pursue what happened, and to build responsibility. Now I’m talking
about science for understanding. Science for understanding, first of all, must be top quality. You should
not do mediocre science – it’s better not to do it at
all. It should be that all parties bring something to
the collaboration. It should not be in a patronizing
form, not somebody coming to teach ‘the natives’
what to do. It’s really about everybody bringing
something essential to the collaboration. And everybody should have an interest, his own interest, not

Rolf-Dieter Heuer, former Director General of CERN and President
of the SESAME Council, and Eliezer Rabinovici at SESAME
Photo: courtesy Eliezer Rabinovici/SESAME

only to bring, but to also have an idea of what they
want to take out of the collaboration. I think when
you have these circumstances the hearts can open
a little, and one can make some progress.
It has now been twenty years, and what we did
succeed in is that this is not a fluffy dream anymore.
SESAME was opened on May 16th, 2017, and aims
for science this same year. My next dream is for it
to produce top quality science. SESAME is a light
source, and hopefully, the light source will bring
some light. In mathematics there are such things as
existence proofs. No matter what’s going to happen,
just the fact that all of us, Iranians, Israelis, Jordanians, Egyptians, Pakistanis, Palestinians, could work
together for twenty years proved that it’s possible,
no matter what the leaders say. I believe that
scientists in different countries took their leaders
to a place they never expected to be. I don’t think
anybody in Jerusalem or Tehran thought this was
going to happen. But up until now even when they
realize where they are they did not yet blink. They
didn’t run away. They may, eventually, because anything is possible in my region. But we have shown
it’s possible.
Beautiful! Thank you so much for your time, and I truly
hope to see you again at the Center. ·
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The Simons Center Art and Science Program
By Lorraine Walsh

T

he Spring 2017 Art and Science Program’s
schedule of events began with an exciting
endeavor hosting twin brothers Ryan and
Trevor Oakes as Artists in Residence. The weeklong
residency from April 2nd to 8th was a fitting closure
to their excellent exhibition The Oakes Twins: Sightlines at the Simons Center Gallery.

Top: Ryan Oakes and Art Department Students.
Bottom: Trevor Oakes drawing on concave easel.
Photos: Lorraine Walsh
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Artist in Resident programs have many models and
are designed to encourage the fruition of innovative
ideas in varied disciplines. Alongside producing new
work, a residency’s aim often includes engaging
the community at large. Accordingly, outreach was
one of two goals for the Oakes twins’ stay at Stony
Brook University. The first objective was a miniature portrait drawing series of the Simon Center’s
friends and colleagues. Second was an initiative for
artist led tours with lectures in the gallery. For the
portraits, Ryan and Trevor masterly depicted guest
sitters using their unique concave easel in a camera
obscura style for drawing the world on a curved
surface. Specifically, Trevor drew the portraits while
Ryan advised on composition, color, and proportion.
Although make no mistake, it is evident their art
practice is an equally shared enterprise.
Colleagues, faculty, and friends generously volunteered to have their portrait drawn. They patiently

From top: Irene Gaumé and Luis Álvarez-Gaumé.
Photo: Edouard Orsi

3d Sculpting from the Efebo Stroke.
Image: courtesy Irene Gaumé

The Elegant Brain opening reception. Samantha Holmes,
Carl Schoonover, Veronica Szarejko, Lorraine Walsh.
Photo: Allison Walters

sat while their likeness was captured. When not
assisting in the portraits, Ryan led tours through the
gallery for art classes and the community at large.
By all accounts their residency yielded wonderful
results with positive learning outcomes about the
weaving together of art and math. It was a special
week with a closing reception honoring the artists
on Friday, April 7th at the Simons Center Gallery. As
for the fate of the portraits, the Oakes twins have
generously donated the drawings as a gift to the
Simons Center Art and Science Program. A portraiture
unveiling will take place in spring 2018, hopefully
with the New York-based artists Ryan and Trevor
Oakes in attendance.
Following the residency, the program’s ArtSci Lecture series was delighted to welcome Irene Gaumé
as a guest speaker. If that name sounds familiar to
you, it is. Irene is the daughter of SCGP Director
Luis Álvarez-Gaumé. She offered to give a talk (pro
bono) during a visit to see her father. This was most
fortuitous as Irene’s work is at the leading edge
of state-of-the-art digital technologies addressing
humanistic initiatives. Her timely artistic research
aims to preserve civilization’s heritage and history.
This important work applies 3d scanning techniques
used for conservation and archeological purposes
while searching for meaningful interpretation.
Essentially, reactivating cultural legacies in a virtual
reality mode that is timeless and deterritorialized
motivates her art. Irene’s talk Digital Creation Process and Digital Restoration provided a fascinating
window into this world where diverse professionals, including digital artisans, historians, scientists,
restorers, and museum curators partner together to
understand global cultural traditions in the hope to
safeguard this information for future generations.
Born in Boston, Massachusetts, Irene currently lives
and works in Madrid, Spain.
Art and science readily came together in The Elegant
Brain exhibition, which opened May 23rd in the
Simons Center Gallery. The exhibit featured scientist-
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The Simons Center Art and Science Program

Cheuk Y. Tang, Department of Radiology and Psychiatry. The
Friedman Brain w at Mount Sinai, NY. The Unfolding Brain.
Image: courtesy Icahn School of Medicine, NY

Nicolas Daviaud, Department of Neuroscience, The Friedman
Brain Institute at Mount Sinai, NY. Immunostained Human
Cerebral Organoid.
Image: courtesy Icahn School of Medicine, NY

Working today with a sizable
palette of fluorescent stains
and the latest technological
advances, scientists are making
the unseen visible for a deeper
understanding of the brain and
by extension the mind.

artists whose expert knowledge and skills in neuroimaging techniques generate beautiful aesthetics.
Working today with a sizable palette of fluorescent
stains and the latest technological advances, these
scientists are making the unseen visible for a deeper
understanding of the brain and by extension the mind.
During curatorial research for the exhibition, it was
discovered that an affiliation agreement had been
formed between The Icahn School of Medicine at
Mount Sinai and Stony Brook University. In August
2016 the two institutions commenced a new
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collaboration for working together on research,
academic programs, and clinical care initiatives in
various fields including neuroscience. The partnership was launched to heighten academic inquiry to
create synergies for breakthroughs in health care
and policy outcomes.
The Elegant Brain exhibition offered an opportunity
to share the work of the newly formed alliance
between Stony Brook School of Medicine and Mount
Sinai’s Health System. Invitations were extended to
neuroscientists and medical doctors at both institutions to contribute art for the exhibit. Accordingly,
the show displayed work by neuroscientists from
Stony Brook University’s Department of Neurobiology and Behavior, and The Friedman Brain Institute
at the Icahn School of Medicine, Mount Sinai, NY. It is
especially important to note that integral in making
this exhibition possible was Lorna Role, Chairperson
of the Department of Neurobiology and Behavior
at Stony Brook University, and Veronica Szarejko
from New York Mount Sinai’s Neuroscience Department. We are grateful for their knowledge, time,
and expertise.
The Stony Brook University scientists featured in the
exhibit included Alice Jone, Maurice Kernan, Faryal
Ijac, Prithviraj “Raj” Rajebhosale, Xiwei Shan, and

Yuan Zhao. The Friedman Brain Institute at Mount
Sinai in New York included art by Joshua B. Bederson, Nicolas Daviaud, Yuko Hara, and Dan Meyer.
While space prevents citing all of the scientists, it is
suffice to say the dazzling images of neuronal networks were not only stunning but also paramount
in their ability to reveal the structure and function of
the brain. The artwork featured brilliant landscapes
of the brain’s architecture that in itself offered
the viewer a remarkable aesthetic experience—a
visual moment that provides yet another mysterious
example of the exquisite complexity in our vast web
of neural connections.
The program was honored to invite Carl Schoonover
as the guest speaker for The Elegant Brain’s opening reception. Carl is a postdoctoral fellow in the
Axel Laboratory at Columbia University where he
studies neural circuitry of odor-driven behaviors.
Author of the acclaimed book Portraits of the Mind,
he also writes for The New York Times, Le Figaro,
and Scientific American. Additionally, Carl is the
co-founder of NeuWrite, a collaborative working
group for scientists, writers, and those in between.
His lecture at the Simons Center titled How to Look
Inside the Brain provided a remarkable overview
in investigations of the human brain. During the
talk, Carl expertly guided the audience in the Della
Pietra Family Auditorium with a compelling history of the brain, beginning with medieval sketches
to 19th century drawings by the founder of neuroscience to contemporary discoveries.
The program looks forward to future integrated
artistic and scientific activities in fall 2017. There
will be a special art week in October featuring the
premiere screening of GALOIS: Story of a Revolutionary Mathematician, a talk by a quantum-inspired poet,
and the opening of an exhibition with interactive
biosensor technology for the creation of heartbeat
visualizations and brain wave sonics.
As always, the Simons Center Art and Science
Program aspires to host the highest quality and intellectually inquisitive art by internationally acclaimed
artists and scientists working at the intersection of
art, science, and technology. The exhibitions and
events at the Center feature innovative concepts
accessible through a wide lens with a broad range
of media for meaningful experiences to ignite imagination and inspire ideas. ·

Top: The Elegant Brain opening reception.
Image: Allison Walters

Bottom: Prithviraj “Raj” Rajebhosale, Department of Neurobiology and Behavior, Stony Brook University, NY, Somatosensory
cortex in a P15 ESR1-cre male mouse.
Image: courtesy Prithviraj “Raj” Rajebhosale
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C

arl Schoonover’s acclaimed book Portraits of the Mind is a fascinating visual odyssey exploring how
we investigate the workings of the human brain through images—from medieval sketches and 19th
century drawings by the founder of neuroscience, to state-of-the-art techniques that fuel research
today. Schoonover is a postdoctoral research scientist in the Axel Laboratory at Columbia University where
he studies the neural circuitry of odor-driven behaviors. He has written for The New York Times, Le Figaro,
and Scientific American, and is the co-founder of NeuWrite, a collaborative working group for scientists,
writers, and those in between. The Simons Center Art and Science Program was honored to invite him as a
guest speaker for the spring 2017 exhibition The Elegant Brain at the Simons Center Gallery. Featured here
are six selections from Schoonover’s wonderful book.

~ Lorraine Walsh
Selections from Portraits of the Mind:
Visualizing the Brain from Antiquity to
the 21st Century by Carl Schoonover
Visual system.
Ibn al-Haytham, circa 1027 (published in 1083).
The oldest known depiction of the nervous system
seems reassuringly well ordered: a large nose at
the bottom, eyes on either side, and, flowing out of

each eye, a hollow optic nerve that meets the other
for a moment before they part ways and continue
on to the back of the head— all of this meticulously
named and cataloged. From this unadorned sketch,
drawn in eleventh-century Cairo by Ibn al-Haytham,
comes a premise that is so elementary as to seem
almost trivial: In the nervous system, information
travels. From here we go on to formulate the more
exciting—and more explicit—hypothesis: At each
stop in its path, signals from the world outside are
somehow processed, interpreted, or put to use. How
information travels from one part to another inside
the brain, and how it is processed at each step, is
the business of neuroscience.
Al-Haytham’s drawing was based in part on the
teachings of Galen of Pergamum, a second-century
Roman physician and anatomist who, although dead
for eight centuries, continued to exert an outsize
influence on the world of brain science. In ancient
Rome, Galen worked in an environment of relative
permissiveness when it came to cutting through
bone and flesh to study the organs underneath, an
activity that religious and legal restrictions subsequently rendered taboo for centuries thereafter.
Since human dissection was off limits, he employed
as his subjects a veritable zoo—apes, dogs, bears,
stags, camels, and one elephant. Otherwise, his
exposure to human anatomy was restricted to
wounded gladiators and rotting or deteriorated
corpses that he came upon by accident.
The shape of ventricles.
Leonardo da Vinci, circa 1508.

Visual system. Ibn al-Haytham, circa 1027 (published in 1083).
Image: Courtesy of the Süleymaniye Library (Istanbul). From
Al-Haytham, I., “Book of Optics” (1087).
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With religious authorities issuing blanket bans on
dissection after Galen’s era, many anatomists relied
on interpretation of and commentary on his find-

ings, which he meticulously cataloged in a series of
hundreds of treatises. Many of these were lost in
a fire, and if he did draw figures summarizing his
findings, none are known to exist today. Thus, our
vision of Galen is one that is necessarily mediated by
the eyes and minds of his followers. His fragmented
output, from an era more open to exploration, crystallized, amplified, and took on baroque characteristics of its own as it bounced around the libraries
of Europe and the Middle East throughout the Dark
and Middle Ages. His words were dissected under
the pen; his theories were bent to accommodate the
leading views of the time. Occasionally his views
were challenged—especially in the Islamic world—
but by and large his theories became dogma.
An early proponent of what would soon become a
forceful return to the study of actual anatomical samples, the Italian polymath Leonardo da Vinci often
conducted his dissections in secret, as restrictions
began to be cautiously relaxed. Dissatisfied with
Galen’s description of the ventricles, and seeking a
way to more accurately determine their structure,
Leonardo realized that the brain was sufficiently
complex that cutting and looking alone would not
succeed. To circumvent this problem and study
ventricles in their unadulterated state, he turned
to a statue-casting technique, injecting melted
wax into the ventricle of a freshly killed ox while
siphoning off the excess fluid through holes poked
in the other end. After the wax had cooled and
solidified, he carved the surrounding brain away
until nothing was left but the shape of the cavity.
Leonardo’s drawings of ventricles, c1508, (not shown
here) depict his rendering of the cavity from both the
vertical and horizontal view. If the history of neuroscience is a history of seeing, then Leonardo ushered in
the conviction that our eyes alone cannot do the trick.
The Fabrica frontispiece.
Andreas Vesalius, 1543 (image taken from
1555 edition).
Frustrated by the limited opportunities during his
time in medical school to, as he delicately phrased
it, “put my own hand into the business,”1 Vesalius
overcame any moral qualms—and the occasional
pack of wild dogs—to scour local cemeteries for
human remains. In response to this bold departure
from traditional anatomical study, Vesalius’s former mentor, Jacobus Silvius, once implored his colleagues to “pay no attention to a certain ridiculous
madman, one utterly lacking in talent who curses
and inveighs impiously against his teachers”2 and

The Fabrica frontispiece. Andreas Vesalius, 1543 (image taken
from 1555 edition).
Image: Courtesy of Wellcome Library (London); catalog numbers
L0046304 L0003699, V0010426.

urged the powers that be “to punish severely... to
suppress him so that he may not poison the rest of
Europe with his pestilent breath.”3 Clearly, Vesalius
was onto something. Yet in a town still in the thrall
of Galenic theories, Vesalius’s unsettling obsession
with performing his own dissections raised eyebrows and led him to settle in Padua, Italy, where
his research program received a greater measure
of support. There, he was supplied with a reliable
stream of corpses fresh off the gallows, whose
deaths were occasionally timed to accommodate his
workflow. Vesalius’s dissections occasionally became
massive public affairs, bordering on the ceremonial,
for the benefit of students, colleagues, dignitaries,
and assorted gawkers. The frontispiece of his 1543
magnum opus, De Humani Corpus Fabrica (On the
Workings of the Human Body), seen here, hints at the
flavor of these events.
It was his dissections in Padua, and an epiphany
induced by a side-by-side display of human and ape
skeletons, that put the proverbial nail in the coffin
on Galen’s anatomy. Vesalius realized that while
his Roman predecessor had claimed to be characterizing human anatomy, the structures he had
described more closely matched the anatomy of
other animals—a fact that is hardly surprising in
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The ventricular theory fell apart when Willis, who
pioneered novel dissection methods noticed that
the ventricles collapsed the instant the organ was
removed from its case. Concluding that the ventricles
were merely “a complication of the brain infoldings,”4
Willis turned his interest to the arterial system, the
dense web of blood vessels that innervates the
tissue. He believed these served as the conduits for
a “nervous juyce” of animal spirits sloshing around
in the brain. In order to examine the vasculature’s
labyrinthine structure, Willis would inject a dyed
solution into an artery and follow its tortuous path
through the brain, echoing Leonardo’s prescient
method for studying the ventricles, and confirming
once again that the unaided eye would not be sufficient to the task of studying this organ. His ingenious
method of observation, which illuminates arteries
and relegates the rest to the background, finds a
direct expression today in cerebral angiography.

View of a human brain from below. Thomas Willis and
Christopher Wren, 1664.
Image: Courtesy of Wellcome Library (London); catalog number
L0032335.

retrospect, since in Galen’s Rome human dissection
was prohibited. What Galen had failed to account for
was the possibility that his findings in apes, stags,
and dogs might not prove true for humans, as well.

Pyramidal neuron.
Santiago Ramón y Cajal, 1899.
Modern neuroscience begins with the neuron, a cell
that collects, processes, and transmits information to
other neurons in the brain. This illustration shows a
pyramidal neuron drawn from observation by Spanish neuroscientist Santiago Ramón y Cajal in 1899.
Its nucleus and DNA reside in the soma, the thickened area at the center. What distinguishes a neuron

View of a human brain from below.
Thomas Willis and Christopher Wren, 1664.
Descartes’s vision of the nervous system as mechanism would find its experimental realization across
the English Channel in the work of Thomas Willis
and Christopher Wren. Willis, who wielded the scalpel with consummate virtuosity, generated a mass of
anatomical knowledge that set the new standard for
neuroanatomy after Vesalius. Wren is perhaps best
known for having designed Saint Paul’s Cathedral
in London, but when he wasn’t drawing up building
plans, he found the time to make significant contributions to the fields of mathematics, astronomy,
and—assisting Willis—anatomy. Together, they
synthesized their observations into a single, coherent, three-dimensional whole, as shown here. With
human dissection now increasingly mainstream in
most of Western Europe, they provided an account
of neuroanatomy that was vastly more precise than
that of Vesalius, shifting the emphasis away from
the ventricles and back to brain substance itself.

30

SCGP News • Vol. IX

Pyramidal neuron. Santiago Ramón y Cajal, 1899.
Image: Courtesy of Dr. Juan A. de Carlos. Cajal Legacy, Instituto Cajal
(CSIC, Madrid).

from other cells in the body is the striking set of long
appendages that radiate from it—think of them as
antennae that neurons use to communicate with one
another across the expanse of the brain. The thicker
dendrites, the cell’s “receivers,” rise upward and
outward in this illustration, while the thinner axon,
the “emitter” of a neuron, drawn here only in part
because of its considerable length, shoots downward.
Unlike with antennae, however, transmission in the
brain is not wireless, and the infinitesimal spaces
between these neural appendages gave rise to an
epic scientific battle one century ago.
The hypothesis that a neuron could be discrete—
distinct from yet connected to others—once divided
the most credentialed voices in neuroscience, and
the schism ultimately made its way to the august
podium of the 1906 Nobel Prize awards ceremonies. The committee had chosen to honor both Cajal
and his scientific rival, the eminent Italian Camillo
Golgi, for their respective contributions to the study
of the brain. Golgi believed the brain was continuous, made up not of individual parts but rather an
uninterrupted reticulum, a single mesh. Cajal, on
the other hand, argued that the existence of the
neuron as a self-contained entity supported a view
of the brain as a network of distinct, interconnected
units. He reached this conclusion, ironically, using a
chemical staining technique pioneered by his rival.
Named the reazione nera (black reaction), Golgi’s
method stains a very small fraction of individual
neurons in brain tissue, while, crucially, leaving all
others invisible. Why only approximately one percent of neurons incorporate the black stain—a mix
of potassium dichromate and silver nitrate—remains
a mystery to this day, but this selective viewing
rendered invisible the impenetrable tangle of brain
tissue and facilitated previously unthinkable access
to the neural universe. In their Nobel lectures, the
two scientists laid out their respective visions of
the neural world, while taking shots at each other—
some of them courteous, others decidedly not.
Purkinje neuron.
Santiago Ramón y Cajal, 1899.
By the time Golgi and Cajal’s argument made its
way to the Nobel celebrations in Stockholm in 1906,
scientific opinion had mostly turned against Golgi’s
theory, and the audience was reportedly dumbfounded as he proceeded to attack Cajal’s views
from the stage. That the Spaniard won the neuronversus-reticulum debate, along with a host of other
skirmishes, is a testament to his prodigious knack

Purkinje neuron. Santiago Ramón y Cajal, 1899.
Image: Courtesy of Dr. Juan A. de Carlos. Cajal Legacy, Instituto Cajal
(CSIC, Madrid).

for synthesis. He apparently did not sketch what he
saw with a pen in one hand and the microscope’s
focus knob in the other. Instead, he is said to have
drawn from memory, in the afternoon, after a morning of observation. Though the details were of
course of great importance, what mattered most to
Cajal was the general form, the common properties,
the essence of the specimen’s overall architecture.
Studying tissues ranging from birds to humans, he
focused on the commonalities, uncovering deep
principles of brain organization. His amply documented interest in the visual arts suggests why
his renditions of biological samples are so exquisite
and hints, perhaps, at why he was able to identify
underlying forms where others saw only lines.
This drawing shows a Purkinje neuron that is strikingly different from its pyramidal cousin in the previous drawing but built along similar lines. Although
the two types of cells play very different roles in the
brain, they share the same blueprint: at the center,
the soma; radiating up and out, its many thick,
branching dendrites; traveling down and beyond
the frame, a long, thin axon.·

1. Stirling, W. Some Apostles of Physiology. London: Waterlow and Sons Ltd., 1902: 2.
2. O’Malley, C. D. O. Andreas Vesalius of Brussels, 1514–1564. Berkeley: University of
California Press, 1964.
3. Ibid.
4. Willis, T. The Anatomy of the Brain and Nerves. Feindel, W., ed. Montreal: McGill
University Press, 1965.
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Imagine
An Essay by Moira Chas
Moira Chas in her office at Stony Brook University.
Photo: Lauren Ruiz

Baird said, “Every woman has a
male inside of her. Even you.”
Charlotte answered, “No, not me.
I'm really bad at math and I can’t
change a tire to save my life.”
Sex and The City, Television series, Season 3,
Episode 4, June 25, 2000.

I

magine you grew up in a society that constantly
repeated things like that; where your teachers
believed consciously or not that one of the features defining your kind of people is not being good
at math. Imagine you had a Barbie who said: “Math
class is tough. Will we ever have enough clothes? I
love shopping.” Now expand your vision so you can
see daily occurrences of events like those. Imagine
those events populating your mind since you were
born — slowly, persistently and insidiously. Imagine that the praises to your beauty are many more
than those to your mind. Imagine you are rewarded
when you are nice, and punished when you are not.
Imagine that when you are in college you decide to
go for math, despite everything. There, once more,
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you find no one, or almost no one, that looks like
you among the professors. They are not of your kind.
They all look alike and unlike you. You are the different one. Imagine you smile after a small academic
victory and one of your classmate’s whispers in your
ear, “That victory is not yours. They let you win
because of how you look.”
After college you decide to go for a Math PhD. You
have heard that you have to be brilliant to succeed,
and you doubt yourself. Images of tortured male geniuses dance in your mind. Maybe you should study
a discipline that does not require such brilliance.
Nobody tells you that hard work, the hard work you
know well how to do, is the main component.
You made it. You are admitted to a great math PhD
program. You overhear someone in your class saying that you had not earned that admission. This
comment brings more self-doubt. Miraculously, you
find one of your kind who is succeeding in this PhD
program. This person talks about self-doubt, sounding so much like you, it seems as if you are looking
into a mirror. You realize how absurd is your own
self-doubt. The mirror helps both of you.
Each new step in the understanding brings you a
unique satisfaction. What you may not know is that

along the way, you have a disadvantage — tiny and
constant. You do know about exponential growth.
A tiny disadvantage accumulates, and after some
years becomes far from tiny. Unlikely, but you may
be an outlier, and climb to the very lonely top where
absolutely nobody looks like you. Outliers are very
few. Math needs you, even if you are not one of
those outliers.
You may read about implicit bias, these unconscious,
implicit assumptions that influence people’s judgment
and perception of themselves or others. There are
tools to improve the effects of this bias when selecting candidates, and maybe some of these tools were
applied when you were admitted to the PhD program.
Maybe the committee managed to make evaluations
more anonymous, and developed objective criteria before evaluating. It could have happened, one or two
faculty members might have insisted for years, while
their colleague mathematicians explained to them
how objective they were judging themselves, and
how they arrived at this judgment to the certainty of
their own absolute objectivity.
Someone may remind you that the group that you
belong to is not supposed to be good at math. That
reminder has an effect on you, and not a good one.
Someone else may remind you that your brain is
constantly changing, new connections happen
every time you sit and think. You run to your desk
and sit and think and can almost feel all these new
connections coming to life, and through them, beautiful math images travel your brain.
You ask a question in class. It was a dumb question
and the answer you receive makes that crystal clear.
You feel utterly and irreparably dumb. Maybe you
think that such a question is expected from someone of your kind. The prophesy “people like you are
ill-equipped to do math” once more becomes a reality. It is hard to do your homework when you feel
utterly incompetent. Then you stumble upon a text
that claims that mistakes are inevitable and are positive steps in the process of understanding. Could
that be true? You remember when your classmates,
those that you hold in such high esteem, asked the
dumb questions. You know well that you did not
deduce from those questions that they were also
dumb persons. You did not merge the person and
the question, as you did for yourself.
You go out with other graduate students to a party.
Someone asks you about your boyfriend. You real-

ize that this person thinks the only way you could
be there, among the math graduate students, is by
being the girlfriend of one of them.
Then, the time comes to return midterms to the
students of the recitation you are teaching. Among
some of the students with average performance
you observe two reactions. Those who look like you
express the intention of dropping out, they do not
think they are good enough to continue to study
math. The students who do not look like you are
very surprised at receiving an average grade. Even
if they were expecting a better grade, they do not
express any intention of dropping out.
You realize that it would be good if you became an
advocate for yourself. Why diminish your accomplishments? You hear your voice saying “I only did
this” and you ask yourself why “only”. There is no
need of such an adverb qualifying your actions. ·

Moira Chas is Associate Professor of Mathematics
at Stony Brook University. Born in Argentina, Chas
discovered early in life a passion for writing, and later
a passion for math. She completed her “Licenciatura”
(equivalent to a Masters degree) at the Universidad
de Buenos Aires, Argentina, and her PhD at the
Universitat de Barcelona, Spain. Soon after completing her PhD she came to the United States for a threemonth working visit, and never left.
Chas strongly believes in the benefits of interaction.
In her research she strives to find different representations of the concepts she is trying to understand.
These representations are created by computer programs, pictures or knitted shapes. In the same vein,
she believes in communicating mathematics to an
audience larger than her colleagues and students.
A large part of Chas’ research is rooted in finding
and probing mathematical conjectures with computers. Many of these computer experiments have been
conducted in collaboration with undergraduate students, graduate students and high school students.
Jointly with Dennis Sullivan, they discovered and
formulated a new structure in the space of closed
curves on a manifold called “String Topology.”
Besides a teaching award at Stony Brook, Chas won
the Simons Center Science Playwriting Competition
with her play, “The Mathematical Visions of Alicia
Boole.” This play has been staged in several science
venues around the world.
December 2017
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Women in Math
By Moira Chas
The following selection of biographies has been written and contributed by Moira Chas

“A

ll women who have published mathematics hitherto have shown knowledge, and
power of getting it, but no one, except perhaps (I speak doubtfully) Maria Agnesi, has wrestled with difficulties and shown a man’s strength in
getting over them. The reason is obvious: the very
great tension of mind which they require is beyond
the strength of a woman’s physical power of application.” from an 1843 letter by Augustus de Morgan,
Mathematician
The reason why practically no woman had wrestled
with difficulties and shown a man’s strength in
getting over them was obvious to de Morgan,
who attended Trinity College and held a position as math professor in London University. No
woman could have been his classmate at Trinity
College or his colleague at London University
since women were not allowed, regardless of their
strength in getting over the difficulties that math
may present.
Maria Gaetana Agnesi, (1718-1799) the Italian
mathematician mentioned doubtfully by de Morgan,
shined with a bright light since her early years in
Milan, where she started by being the hostess of
intellectual gatherings at her family house, and
making her father burst with pride by showing how
she could speak various languages by the age of
nine. The wealth and unusual open mindedness of
her family allowed her to have excellent tutors with
whom she maintained stimulating discussions.
As years went by, Agnesi become more interested
in mathematics and religion, and less fond of her
social obligations. Her desire of retiring to a convent
was met with the opposition of her father, who in
exchange accepted a more convent-like way of life
for her.
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She devoted the third decade of her life to write
Foundations of Analysis (Instituzioni analitiche).
In these thousand pages she combined her knowledge of math and different languages to give a clear,
precise and illuminating discussion of most of the
ideas about differential and integral calculus known
at the time, including the complementary concepts
of the calculus arch-rivals Leibniz and Newton.
Her father died a few years after the publication of
her work. Since then, Agnesi submerged herself in
religion and charitable work, taking care of the poor
and even living among them until end of her life.
Sophie Germain (1776-1831) grew up in the
turbulent Paris of the end of the eighteen century,
not far, in space and time from Agnesi. Germain
fell in love with math in an unusual way and never
faltered. Her family was far from supportive of this
math love story. They tried every method possible
to stop Sophie in her pursuit of understanding but
her tenacity was stronger.
She was not allowed to attend the school of her
desire. Thus she studied from notes. She could not
submit work in her own name. She submitted work
under the name of a former student, M. LeBlanc.
The recipient of this work was the renown mathematician Joseph-Louis Lagrange who became eager
to know M. Leblanc after noticing how interesting
“his” work was. When he discovered that the admiration should be addressed to a woman, he did not
step back. On the contrary, he went to her home to
express his admiration and support.
Germain, once more under the pseudonym of M.
LeBlanc, maintained extensive correspondence in
number theory with Gauss. Like Lagrange, Gauss
did not step back when a novelesque incident
revealed to him the gender of M. LeBlanc.

Never lacking of self-confidence, Germain submitted an entry for a contest of the French Academy of
Sciences. It was an essay about the mathematical
theory of elastic surfaces. The rejection of her work
did not stop her and two years later she submitted a
second entry. This time, she earned the prize.
Alicia Boole (1860-1940). During long centuries
women had no access to mathematics. A few excellent fathers, like Agnesi’s, did their best to remedy
this injustice to their daughters. Everything indicates
that the mathematician George Boole would have
joined these group of fathers. But death took him
before any of his five daughter could benefit from
his instruction. He left them however with a remarkable mother: Mary Everest Boole, who raised this
all-female family with no money but with an infinitude of interesting ideas. One of these daughters,
Alicia Boole (1860-1940) discovered as a teenager
the attraction of geometry when a friend of the
family showed her a puzzle designed to visualize
the tesseract, or cube in four dimensions. From that
moment on, she was hooked and spent many hours
trying to understand the equivalent to the platonic
solids in four dimensions. She married an actuary
and had two children. It was her husband who found
in a mathematics magazine a picture very similar
to the distinctive figures that she was constantly
drawing. She wrote to the author of the paper,
the Dutch professor Pieter Schoute establishing a
collaboration that would last until his death in 1913.
Nothing is known about her math activity until 1930
when she met the young geometer Harold Coxeter.
Since then, she worked with him until her last days. ·

Kinetic Geometric Screen
Chuck Hoberman, 2010
Permanent installation
in the SCGP Lobby
Photo: Lorraine Walsh
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2018-19 Academic Year Programs
Localization Techniques in Quantum Field Theories:
January 16-February 16, 2018, organized by
Vasily Pestun and Maxim Zabzine

Lukyanov, Nikita A. Nekrasov, Samson L. Shatashvili
and Alexander B. Zamolodchikov

Poisson Geometry of Moduli Spaces, Associators,
and Quantum Field Theory: April 30-June 29, 2018,
organized by Anton Alekseev and Samson Shatashvili

Automorphic Structures in String Theory: February 18March 22, 2019, organized by Daniel Persson, Terry
Gannon, David Ginzburg, Axel Kleinschmidt, Stephen D.
Miller and Boris Pioline

Exactly Solvable Models of Quantum Field Theory
and Statistical Mechanics: September 4 - November
30, 2018, organized by Vladimir E. Korepin, Sergei L.

Operator Algebras and Quantum Physics : June 3-30,
2019, organized by Stefan Hollands, Vaughan Jones,
Gandalf Lechner and Roberto Longo

2018 Academic Year Workshops
Continuum and Lattice Approaches to the Infrared
Behavior of Conformal and Quasi-Conformal
Gauge Theories: January 8-12, 2018, organized by
Thomas Ryttov and Robert Shrock

Categorification in Mathematical Physics:
April 9-13, 2018, organized by Eugene Gorsky,
Sergei Gukov, Mikhail Khovanov, Andrei Negut,
and Piotr Sułkowski

Spring School on Geometric Aspects of General
Relativity: March 22-25, 2018, osrganized by
Demetre Kazaras, Marcus Khuri and Christina Sormani

Exotic Hadrons and Flavor Physics: May 28-June 1,
2018, organized by Marek Karliner, Jon Rosner,
Tomasz Skwarnicki, Amarjit Soni and George Sterman

Mass in General Relativity: March 26-30, 2018,
organized by Piotr Chrusciel, Richard Schoen,
Christina Sormani, Mu-Tao Wang, and Shing-Tung Yau

Entanglement and Dynamics Systems: September
24-28, 2018, organized by Christopher P. Herzog,
Bruno Nachtergaele, and Vladimir Korepin

For the most up-to-date schedule, please visit scgp.stonybrook.edu/science
Photo: Bob Giglione
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